Diabetes mellitus is a group of diseases characterized by chronic increase of glucose level. Recent years brought much progress in understanding its complex pathogenesis. The classification that has been valid since 1999 which divided diabetes mellitus to type 1, type 2, gestational, and a group of "other specific syndromes." has become inadequate to current knowledge.
Introduction
Attempts to differentiate diabetes types have a long history. Initially, this division was based on the assessment of patients' age. As the knowledge and diagnostic possibilities were extended in the 1930s, this division was based on the assessment of insulin sensitivity. In subsequent years, this report was based on the assessment of beta cell function and insulin secretion. The next indicator was the assessment of insulin resistance. Recent years have brought a definite blurring of the borderline between the current division into type 1 and type 2 diabetes. [1, 2, 3] An indicator that was used to differentiate these types of diabetes was the measurement of the titre of autoantibodies. [4] 
Glutamic acid decarboxylase autoantibody (GADAs) in patients with diabetes
Anti-GAD antibodies (GADA: glutamic acid decarboxylase antibody) is one of the types of autoantibodies directed against the Langerhans islands located in the pancreas. As a result of the autoimmune effect of anti-GAD antibodies on the islets of the pancreas, they are destroyed and the deficit of endogenous insulin is caused.
The presence of elevated titer of these autoantibodies was associated with the diagnosis of type 1 diabetes in young patients. [5, 6] It was later found that the elevation of this titer also occurs in LADA (latent autoimmune diabetes in adults), i.e. in autoimmune diabetes developing in young adult patients. [7, 8, 9, 10, 11] We now know that the increase in anti-GAD titer also occurs in other groups of patients, including patients with type 2 diabetes. [12] However, studies conducted by Canadian diabetologists have shown that in the group of patients diagnosed with type 2 diabetes, there are differences in the course of diabetes and in the results of treatment between those who have anti-GAD autoantibodies compared to those who did not show these autoantibodies. [13] This is associated with increased insulin resistance and β cell dysfunction. Patients with elevated levels of anti-GAD autoantibodies have been found to be more sensitive to insulin assessed based on measurement fasting insulin concentration and HOMA-IR.
These differences in the clinical picture and susceptibility to treatment in groups of patients displaying elevated levels of anti-GAD autoantibodies compared with those patients who have low titres of autoantibodies indicate the justification for the determination of this titre in the widest possible group of patients with diabetes. It is known that insulin therapy should be used as early as possible in groups of patients with elevated anti-GAD titres. Many authors point out that the early inclusion of insulin therapy can slow down the process of autoimmune destruction of β cells. [14, 15] There is a lot of evidence that insulin has an immunomodulatory effect in addition to the substitution effect, and that it inhibits the self-destruction of pancreatic islets.
It is considered erroneous to use sulfonylurea derivatives in these patients, which can activate autoimmune processes and accelerate the processes of β-cell destruction. [7.10] The use of anti-GAD titer determination in disease states other than diabetes Additionally, it is worth mentioning that currently the measurement of the titre of these antibodies is more and more often performed in neurological patients, eg in differentiating the types of epilepsy. [16] And also inflammatory states of the brain tissue. [17] There have been reports of the appearance of elevated anti-GAD in patients with cancer, in whom diabetes occurred as a consequence of the induction of immunotherapy. [18, 19] 
Discussion
Current knowledge allows to determine that the differentiation of diabetes types known since 1999 is now out of date. The revision of the current classification is crucial.
The introduction of immunological and genetic research has broadened knowledge on the topic of etiopathogenesis of glucose metabolism disorders and orders a revision that can be expected in the upcoming years. [20, 21, 22] One of the elements forming the basis for differentiation is the interview and assessment of the dynamics of the development of disease symptoms. Currently, it is known beyond any doubt that this is a criterion in fact, in many cases it is true, but also not so rarely fails, as the dynamics of the development of diabetes symptoms does not always allow for the differentiation of its types.
The age of the patient formerly determined the classification of the disease. Now we know that this criterion also does not allow for the differentiation of the types of diabetes. When differentiating types of diabetes, it is very important to be able to determine the level of C-peptide, although it is known that this criterion also cannot be conclusive because the level of C-peptide depends on many factors, including the duration of diabetes.
Currently, a very important indicator allowing the selection of the correct therapy and the prediction of the clinical course of diabetes is the determination of the titre of antipeptide autoantibodies including glutamic acid decarboxylase autoantibodies (anti-GAD) A comprehensive multicentre discussion of the assessment of GAD autoantibody versus clinical picture and response to treatment was presented by Zinman et al. [13] In the group of 4,034 diabetic patients diagnosed as type 2 diabetes in the GAD-positive subjects, the mean fasting insulin level was 11% lower than in the GAD-negative individuals. Determination of a / GAD titer is recommended when suspecting autoimmune types of diabetes: type 1 and type LADA diabetes. [8, 23, 24] Recently, attention has been paid to differences in the course of diabetes depending on the type of autoantibodies found: full-length GAD65 autoantibodies (f-GADA) and N-terminally truncated (amino acids 96-585) GAD65 autoantibodies (t-GADA). [25] According to these authors the presence of autoantibodies of N-terminally truncated GAD65 (t-GADA), is associated with the clinical phenotype of autoimmune type 1 diabetes and predicts insulin therapy. These patients present early occurrence and high titre of autoantibodies. In this group of patients, there is usually a clear decrease in the level of C-peptide [26] .
Currently, the indications for the determination of the anti-GAD titre have significantly increased. Such labeling is important for the suspicion of MODY diabetes, which clinical picture may suggest diabetes with autoimmune disease. It is also increasingly used in patients with diabetes classified primary as type 2 diabetes. Assessing the a / GAD titer in these cases allows for the verification of the therapy undertaken and the decision on the earlier inclusion of insulin therapy, as well as the decision to exclude sulphonylurea from treatment.
Materials and Methods
The retrospective analysis was subjected to a several-year course of disease in 7 patients aged from 34 to 78 years. Initially, diabetes in patients diagnosed as type 2 diabetes was the result of not carrying out the C-peptide level determination and the titre of autoantibodies against islet cell antigens. Performing these tests allowed to verify and diagnose diabetes with autoimmune background.
Data on patients. The table presents selected data for 7 patients with GAD autoantibodies (Table 1) Cases Patient 1. The diagnosis of diabetes was accompanied by polyuria, weight loss, glycemia of about 300 mg / dl. The patient was treated for one year with oral antidiabetic agents. Due to the finding of an increased anti-GAD titre and a reduced level of the C-peptide insulin therapy was included. Clinical picture and course of the disease spoke for the diagnosis of type LADA diabetes Patient 2. Initially, the patient was diagnosed with type 2 diabetes. After 2 months against the increase in glycemia to 300 mg / dl, the patient was referred to the hospital, where insulin therapy was included. Patient with numerous complications: ischemic heart disease (CABG, coronary artery bypass graft), hypertension arterialis, chronic obstructive pulmonary disease. Glibenese GITS 5mg Glibenese GITS 5mg + NPH insulin 6-8j Glibenese GITS 5mg + NPH insulin 10 j Aspart before meals 2-4 j + glargine 6-8J Aspart before meals 6-10 j + NPH insulin 15j Aspart before meals 6-10 j + NPH insulin 20j Aspart before meals 6-10 j + Insulin glargine 20j
Aspart before meals 6-10 j + NPH insulin 20j Aspart before meals + NPH insulin 14j Aspart before meals 1x 10-12 j +2x 5j + Abasaglar 16j A high titre of anti-GAD autoantibodies and a very significantly reduced level of C-peptide were found, which indicated the diagnosis of LADA-type diabetes Patient 3. Diabetes recognized as type 2, treated for 10 years with oral medications. It was not until 11 years after the diagnosis of diabetes that the determination of the titre of autoantibody anti-GAD was made, it was found to be very high. At the same time, the level of C-peptide was reduced. Clinical picture, high antibody titres and low levels of C-peptide indicated diagnosis of LADA type.
Patients 4.
Diabetes diagnosed initially as type 2. In the first year, treated with oral medications, in the second year following the diagnosis, basal insulin was added. In the fourth year of the disease a very high level of anti-GAD autoantibodies and a level of peptide C were at the lower limit of the norm. LADA diabetes was diagnosed and intensive insulin therapy was included.
Comment on cases 1,2,3,4
Age at diagnosis 50-55 years; observation period of 6-13 years; BMI 21-25; HbA1c ; HbA1c 5.8 -7.7 %; GADA levels 57.6 -˃ 2000 IU/ml; C-Peptide levels 0.57 -0.9 ng/ml It seems that in the 4 cases presented, the diagnosis should be made earlier. The relatively young age of the patients, the lean body structure, the absence of a family history of diabetes mellitus should have led to the earlier identification of autoantibody and the level of C-peptide. This would allow to diagnose diabetes with autoimmune background. [7, 10, 11] Patient 5. He is the youngest patient in the presented group. Shows the features of the metabolic syndrome, presents a very high body weight (BMI 28,4 -30,7 kg/m2). At the time diabetes was manifested in the blood glucose 300 -400 mg/ dl (16.7-22.1 mmol/l). Initially, type 2 diabetes was diagnosed, and metformin was included. After 4 weeks, the condition deteriorated, polydipsia, polyuria, weight loss 8 kg. Diabetes type 1 was diagnosed. Initial insulin mix was introduced, followed by intensive insulin therapy.
In the second year of the disease, the anti-GAD autoantibody titres were determined, which showed a slightly elevated titer. The level of C-peptide was within normal limits. For the next three years intensive therapy was maintained. This probably resulted in further weight gain (BMI 30,7 kg/m2 ).
It seems that the diagnosis of type of diabetes requires verification. Consider whether or not it is type 2 diabetes in a patient with metabolic syndrome with anti-GAD antibodypositive or very slowly developing LADA diabetes. [27] The Chinese authors suggest differentiation of LADA-type diabetes as LADA-type 1; while those with lower GADA titer and having clinical and metabolic phenotypes of type 2 diabetes are classified as LADA-type 2. [28] The final classification would require longer observation, subsequent determinations of the anti-GAD titre, and a series of additional tests. [29, 30, 31] In this case determining the final diagnosis would require further research. In the current situation, it seems advisable to consider reducing the insulin dose and try to include drugs from the groups GLP-1 analog or SGLT2 Inhibitors. Patient 6. At the time of diagnosis of diabetes, the patient was 78 years old, very low body weight, showed vitiligo and kidney stones .
Type 2 diabetes was diagnosed and oral medications were included. In the seventh year of the disease, in the presence of hyperglycaemia (200-235 mg/dl; 11,2-13,1 mmol/l) , the analysis of autoantibody titre anti-GAD and C-peptide level was performed. The level of C peptide was within the normal range, however, very high anti-GAD. In this situation, it should be assumed that diabetes has an autoimmune background. In this situation, it should be assumed that diabetes has an autoimmune background insulin therapy was switched on. In the presence of skin lesions, diagnosis should be considered polyglandular autoimmune syndromes. [32, 33] For confirmation, a series of diagnostic tests would be necessary.
Patient 7.
At the time of diagnosis of diabetes, the patient was 72 years old. In view of the very high glycemia, intensive insulin therapy was included. Due to high body weight (BMI 29,7 kg/m2) , metformin was included as an adjunctive therapy. [34 -39] A very high anti-GAD titer and a very low level of c-peptide were found. A late-onset autoimmune diabetes was diagnosed (LADA type).
Conclusions
The cases of patients with diabetes presented above confirm the necessity of introducing new rules for the differentiation of diabetes types. Due to the widening of the diagnostic base, the current classification of diabetes types requires changes.
